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7KHVWUDWLJUDSKLFDQGVWUXFWXUDOFKDUDFWHULVWLFVRIWKHLQLWLDOSKDVHRIFRQWLQHQWDOULIWEDVLQVKDYH20 
EHHQZLGHO\VWXGLHG+RZHYHUWKHLQLWLDOULIWLQJJHRG\QDPLFSURFHVVHVLQPDQ\ULIWEDVLQVUHPDLQ21 
SRRUO\XQGHUVWRRGEHFDXVHWKHUHOHYDQWVWUXFWXUHVDQGVWUDWLJUDSKLFVXFFHVVLRQVWHQGWREHGHHSO\22 
EXULHGLQUHVXOWRIFRQWLQXHGULIWHYROXWLRQ8VLQJDQH[WHQVLYHGDWDEDVHRIJHRORJLFDOVWUDWLJUDSKLF23 
DQGVWUXFWXUDODQGJHRSK\VLFDOGDWDZH LQYHVWLJDWHZKHQDQGKRZULIW LQLWLDWLRQRFFXUUHG LQ WKH24 
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-LDQJKDQ%DVLQ7KHFRUUHODWLRQRI WKH(DUO\&UHWDFHRXVVWUDWDDFURVV WKHEDVLQ UHYHDOV WKDW WKH\25 
ZHUHGHSRVLWHGZLWKLQDVHULHVRIORFDOL]HGGHSUHVVLRQVGLVWULEXWHGRQWKHEDVLQPDUJLQZKLOHWKH26 
/DWH&UHWDFHRXV WHFWRQLF VWDJHZDV FKDUDFWHUL]HGE\ ZLGHVSUHDG ULIWLQJZLWK DPD[LPXP VWUDWDO27 
WKLFNQHVVRIaP7KHPDMRUIDXOWVFRQWUROOLQJWKLV/DWH&UHWDFHRXVVHGLPHQWGLVWULEXWLRQDUH28 
UDGLDOO\VWULNLQJVXJJHVWLQJDGLVWULEXWHGWUDQVWHQVLRQDOVWUHVVV\VWHPRUPXOWLGLUHFWLRQDOH[WHQVLRQ29 
GXULQJWKH/DWH&UHWDFHRXV,WLVDFRPPRQIHDWXUHWKDWSUHULIWEDVHPHQWVWUDWDRIWKHPDMRUIDXOWV30 
LQWKHKDQJLQJZDOODUHROGHUWKDQWKDWLQWKHIRRWZDOODQGEHFRPHSURJUHVVLYHO\ROGHUDSSURDFKLQJ31 
WKHIDXOWSODQHLQGLFDWLQJDUHDFWLYDWLRQRISUHH[LVWLQJXQURRIHGIDXOWUHODWHGIROGV7RJHWKHUZLWK32 
WKHUHJLRQDOJHRG\QDPLFFRQWH[WIRUWKH6RXWK&KLQD%ORFNZHGLYLGHWKHLQLWLDOULIWLQJSURFHVVHV33 
LQWRWZRGLVWLQFWVWDJHV'XULQJWKH(DUO\&UHWDFHRXVWKHOLWKRVSKHUHEHQHDWKWKH-LDQJKDQ%DVLQ34 
JRWUDSLGO\WKLQQHGXQGHUWKHLQIOXHQFHRIWKHODUJHVFDOHUROOEDFNDQGGHK\GUDWLRQRIWKHVXEGXFWHG35 
3DFLILF VODE 0HDQZKLOH WKH XSZHOOLQJ DVWKHQRVSKHUH DQG LQWUXGHG G\NHVPDJPD KHDWHG DQG36 
ZHDNHQHG WKH OLWKRVSKHUH OHDGLQJ WR WKHUPDOGRPLQJRI WKHPRVW UHJLRQRI WKH -LDQJKDQ%DVLQ37 
+RZHYHURQWKHEDVLQPDUJLQZKLFKZDVUHODWLYHO\XQDIIHFWHGE\WKHWKHUPDOGRPLQJHYHQWDVHW38 
RIORFDOL]HGGHSUHVVLRQVHTXHQFHVZHUHGHSRVLWHG'XHWRWKH(DUO\&UHWDFHRXVOLWKRVSKHULFWKLQQLQJ39 
WKH OLWKRVSKHUH ZDV WKLQ HQRXJK WR ULIW GXULQJ WKH /DWH &UHWDFHRXV 8QGHU WKH GLDSLULVP RI WKH40 
FRQWLQXRXVO\ XSZHOOLQJ DVWKHQRVSKHULF PDQWOH WKH SUHH[LVWLQJ WKUXVWV ZLWK UDGLDO VWULNHV41 
VLPXOWDQHRXVO\XQGHUZHQWH[WHQVLRQDOUHDFWLYDWLRQIRUPLQJDVHULHVRIQRUPDOIDXOWVZLWKPXOWLSOH42 
RULHQWDWLRQV%\SURYLGLQJWKHGHWDLOHGVWUDWLJUDSKLFDQGVWUXFWXUDOHYLGHQFHIRUDFWLYHULIWLQJPRGHO43 
WKLVVWXG\SURYLGHVQHZLQVLJKWVLQWRWKHSURFHVVHVRIHDUO\ULIWLQLWLDWLRQ 44 
 45 
.H\ZRUGV 6WUDWLJUDSKLF UHFRUG 6WUXFWXUDO UHFRUG /LWKRVSKHULF WKLQQLQJ 5HDFWLYDWLRQ 5LIW46 
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LQLWLDWLRQ-LDQJKDQ%DVLQ 47 
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1. Introduction 49 
7KH :LOVRQ F\FOH LV DFFHSWHG DV D NH\ HOHPHQW RI SODWH WHFWRQLFV ZKHUHE\ FRPSUHVVLRQDO50 
PDUJLQVDUHH[WHQGHGDQGVXEVHTXHQWO\FRPSUHVVHG:LOVRQ%XLWHUDQG7RUVYLN0RVW51 
HYLGHQFHFRPHVIURPILHOGREVHUYDWLRQVDQGDVDFRQVHTXHQFHRIWKHVXSHUSRVLWLRQRIDQXPEHURI52 
WHFWRQLFHYHQWV LW LVRIWHQQRWUHFRJQL]HGZLWKLQVXEVXUIDFHGDWD&RQWLQHQWDOULIWEDVLQVRIIHUD53 
XQLTXHRSSRUWXQLW\WRLQYHVWLJDWHKRZD:LOVRQF\FOHLQLWLDWHGDIWHURQHWHUPLQDWHG+RZHYHUWKLV54 
TXHVWLRQLQYROYLQJWKHWLPLQJSURFHVVHVDQGJHRG\QDPLFVRIULIWLQLWLDWLRQLVQRWZHOOUHVROYHGLQ55 
PDQ\ULIWEDVLQVHJQRUWKHUQ1RUWK6HD%HOOHWDO3HDUO5LYHU0RXWK%DVLQ*RQJ56 
2USKDQ%DVLQ*RXL]D HW DO  2UDQJH%DVLQ6RXWK$IULFD0RKDPPHGHW DO  0LG57 
1RUZHJLDQPDUJLQ3HURQ3LQYLGLFDQG2VPXQGVHQ6RQJOLDR%DVLQ:DQJHWDO7KLV58 
LVSULPDULO\EHFDXVHWKHVWUDWLJUDSKLFDQGVWUXFWXUDOUHFRUGVDVVRFLDWHGZLWKULIWLQLWLDWLRQDUHQRW59 
FRPSOHWH1RWWYHGWHWDOEHFRPHGHHSO\EXULHGGXULQJFRQWLQXHGULIWLQJHYROXWLRQDQG60 
DUHGLIILFXOWWRREVHUYHLQILHOGVHLVPLFDQGERUHKROHGDWD%HOOHWDO6RPHVWXGLHVSURYLGH61 
GHWDLOHGDQDO\VLVRQWKHHYROXWLRQSULRUWRULIWLQJKRZHYHUWKHVHVWXGLHVKDYHQRGHWDLOHGDQDO\VLV62 
RQWKHULIWLQJFKDUDFWHULVWLFVGXULQJWKHLQLWLDOSKDVH$YQLHWDO0LOOHUDQG/L]DUUDOGH63 
,QFRQWUDVWDOWKRXJKVRPHVWXGLHVKDYHLQYHVWLJDWHGWKHHDUO\GHYHORSPHQWRIULIWEDVLQV*DZWKRUSH64 
DQG/HHGHU*DZWKRUSHHWDO&RZLHHWDO3DWRQ5RKDLVHWDO65 
5DMFKOHWDO)RUGHWDO+HQVWUDHWDO1L[RQHWDOWKH\DUHPDLQO\66 
IRFXVHGRQIDXOWOLQNDJHDQGLQWHUDFWLRQDQGWHFWRQRVHGLPHQWDU\HYROXWLRQZLWKOLPLWHGGLVFXVVLRQ67 
RQ WKH WLPLQJ DQG G\QDPLFV RI ULIW LQLWLDWLRQ 7KH W\SLFDO G\QDPLF PRGHOV IRU WKH LQLWLDWLRQ RI68 
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FRQWLQHQWDOULIWLQJKDYHEHHQFODVVLILHGLQWRDFWLYHDQGSDVVLYHULIWLQJ6HQJRUDQG%XUNH69 
&RPSDUHGWRSDVVLYHULIWLQJDFWLYHULIWLQJLVFKDUDFWHUL]HGE\SUHULIWWKHUPDOGRPLQJPDJPDWLVP70 
DQGGHSRVLWLRQ1RWWYHGWHWDO&RUWLHWDO=LHJOHUDQG&ORHWLQJK$YQLHWDO71 
$OWKRXJK LQPRVW FDVHVJHRFKHPLFDORUJHRSK\VLFDOGDWDSURYLGHDQDQVZHU 2PDUDQG72 
6WHFNOHU)UH\HWDO1DWDOLHWDO3XWLUNDDQG3ODWW5RRQH\HWDO73 
<XHWDOIXUWKHUVWUDWLJUDSKLFDQGVWUXFWXUDOHYLGHQFHIRUVXSSRUWLQJHLWKHURIWKHPLVVWLOO74 
XUJHQWO\QHHGHG+HQFHWKHIXQGDPHQWDOTXHVWLRQFRQFHUQLQJWKHSURFHVVHVWHPSRUDODQGVSDWLDO75 
YDULDWLRQ RI WHFWRQRVHGLPHQWDU\ HYROXWLRQ DQG JHRG\QDPLFV RI WKH ELUWK RI PDQ\ ULIW EDVLQV76 
UHPDLQVXQDQVZHUHG 77 
7KH-LDQJKDQ%DVLQ )LJV$DQG LQFHQWUDO&KLQDSURYLGHVDQH[FHOOHQWRSSRUWXQLW\ WR78 
LQYHVWLJDWH WKH LQLWLDOGHYHORSPHQWRIFRQWLQHQWDO ULIWEDVLQVVLQFHD LWVSRVWULIW VHTXHQFHVDUH79 
UHODWLYHO\ WKLQP)LJDQGUHPDLQDWHUUHVWULDOVHWWLQJ OHDGLQJWRDUHODWLYHO\VKDOORZ80 
EXULDOGHSWKEERWKWKHVWUXFWXUHVDQGVWUDWLJUDSKLFVXFFHVVLRQVDVVRFLDWHGZLWKULIWLQLWLDWLRQDQG81 
SUHULIWEDVHPHQWDUHZHOOSUHVHUYHGDQGRXWFURSVRQ WKHPDUJLQRI WKHEDVLQDOORZ IDFLHV WREH82 
LQYHVWLJDWHG)LJ+%*056KLHWDO/LHWDOE$VWKHLQLWLDOSKDVHRIULIWLQJ83 
WKH&UHWDFHRXVHYROXWLRQRIWKH-LDQJKDQ%DVLQKDVEHHQZLGHO\GLVFXVVHG/LXHWDO84 
/LHWDOEE:DQJHWDOD0HLHWDO=KDQJHWDO85 
/LXDQG=KDQJ6KLHWDO6RPHDXWKRUVSURSRVHGWKDWGXULQJWKH(DUO\&UHWDFHRXVWKH86 
4LQOLQJ'DELH2URJHQLF%HOWFRQWLQXHGWRH[WUXGHVRXWKZHVWZDUGDQGGHIRUPWKHSUHULIWEDVHPHQW87 
ZLWKORFDOVHGLPHQWDWLRQDQGWKH-LDQJKDQ%DVLQEHJDQWRH[WHQGGXULQJWKH/DWH&UHWDFHRXV/LX88 
HWDO/LXDQG=KDQJ6KLHWDO:DQJHWDOD,QFRQWUDVWRWKHUDXWKRUV89 
SURSRVHGOLPLWHGULIWLQJGXULQJWKH(DUO\&UHWDFHRXVUHVXOWLQJLQORFDOL]HGGHSRVLWLRQRQWKHEDVLQ90 
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PDUJLQDQGWKHQDFFHOHUDWHGULIWLQJGXULQJWKH/DWH&UHWDFHRXV/LHWDO+RZHYHUWKHVH91 
FRQFOXVLRQV DUH FRPPRQO\ LQFRQVLVWHQWZLWKEURDGHU REVHUYDWLRQV2Q WKHRQHKDQG GXULQJ WKH92 
(DUO\&UHWDFHRXV WKH4LQOLQJ'DELH2URJHQLF%HOW DQG -LDQJQDQ2URJHQZHUHFKDUDFWHUL]HGE\93 
ZLGHVSUHDGPDJPDLQWUXVLRQ)LJDQGH[WHQVLRQDOGHIRUPDWLRQLPSO\LQJDQH[WHQVLRQDOWHFWRQLF94 
VHWWLQJHJ&KHQHWDO/LHWDOD-LHWDOEVRWKHLUH[WUXVLRQPD\EH95 
WHUPLQDWHG DIWHU WKH -XUDVVLF 0RUHRYHU WKH /RZHU &UHWDFHRXV LQWUXVLYH DQG YROFDQLF URFNV DUH96 
ZLGHVSUHDGLQWKH'D\HUHJLRQDQGFORVHWRWKHVRXWKRIWKH4LQOLQJ'DELH2URJHQLF%HOW)LJ97 
LQGLFDWLQJVLJQLILFDQWH[WHQVLRQ/LHWDOE;LHHWDO2QWKHRWKHUKDQG WKH98 
(DUO\&UHWDFHRXVVWUDWLJUDSKLFVXFFHVVLRQVZHUHFRQIRUPDEO\RYHUODLQE\WKDWRI8SSHU&UHWDFHRXV99 
GHSRVLWV +%*05 :DQJ HW DO D LPSO\LQJ WKDW WKH WHFWRQLF VHWWLQJV RI WKHVH WZR100 
SHULRGV DUH VLPLODU 7KLV FRQIRUPDEOH VHTXHQFH LV LQFRPSDWLEOH ZLWK D WHFWRQLF VZLWFK IURP101 
FRPSUHVVLRQWRH[WHQVLRQGXULQJWKH&UHWDFHRXV+RZHYHUWKHHQKDQFHGULIWLQJPRGHOWKDWUHTXLUHV102 
VHGLPHQWDWLRQ SXUHO\ RQ WKH EDVLQ HGJH DW ULIW LQLWLDWLRQ VWDJH LV LQFRQVLVWHQW ZLWK FODVVLFDO ULIW103 
GHYHORSPHQWPRGHO3URVVHU&RZLH*XSWDHWDO*DZWKRUSHDQG/HHGHU104 
&RZLHHWDOZKLFKSUHGLFWVWKDWPXOWLSOHGLVWULEXWHGDQGLVRODWHGIDXOWVGHYHORSGXULQJWKH105 
LQLWLDO SKDVH RI ULIWLQJ 3HUKDSV PRVW LPSRUWDQWO\ H[LVWLQJ SXEOLVKHG VWXGLHV RQ WKH &UHWDFHRXV106 
VWUDWLJUDSKLFDQGVWUXFWXUDOFKDUDFWHULVWLFVRIWKH-LDQJKDQ%DVLQDUHQRWUHJLRQDOLQFRQWH[WDQGODFN107 
DFRPSUHKHQVLYHXQGHUVWDQGLQJEHWZHHQWKHHYROXWLRQRIWKH-LDQJKDQ%DVLQDQG6RXWK&KLQD%ORFN 108 
7R DGGUHVV WKHVH LVVXHV ZH XVH ILHOG RXWFURSV GULOOLQJ DQG ' DQG ' VHLVPLF GDWD LQ109 
FRPELQDWLRQWRFRQVWUDLQWKHWLPLQJGLVWULEXWLRQDQGFKDUDFWHULVWLFVRIH[WHQVLRQDOGHIRUPDWLRQRI110 
WKH&UHWDFHRXV-LDQJKDQ%DVLQ7KLVSDSHUDLPVWRLQYHVWLJDWHWKHVWUDWLJUDSKLFDQGVWUXFWXUDO111 
IHDWXUHV RI WKH&UHWDFHRXV -LDQJKDQ%DVLQ  GRFXPHQW KRZSUHH[LVWLQJ VWUXFWXUHV XQGHUZHQW112 
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H[WHQVLRQDOUHDFWLYDWLRQDQGFRQWUROEDVLQDUFKLWHFWXUHDQGXQUDYHOWKHLQLWLDOULIWLQJSURFHVVHV113 
DQGJHRG\QDPLFV7KHPDLQ VLJQLILFDQFHRI WKLVSDSHU LV WR LOOXVWUDWHDFWLYH ULIWLQJSURFHVVHVE\114 
DQVZHULQJZKHQDQGKRZULIWLQJLQLWLDWHGLQWKH-LDQJKDQ%DVLQ 115 
 116 
2. Geological setting 117 
7KHWHFWRQLFFRQILJXUDWLRQRIPXFKRIHDVWHUQ&KLQDLVFRQWUROOHGE\WKH1RUWK6RXWK*UDYLW\118 
/LQHDPHQW16*/0DWKDWKDVEHHQDWWULEXWHGWRWKHZHVWHUQH[WHQWRIWKHVWDJQDQW3DFLILF119 
VODELQWKHPDQWOHWUDQVLWLRQ]RQH)LJ+XDQJDQG=KDR7KHSRVLWLRQRIWKHOLQHDPHQWLV120 
QRWRQO\DVVRFLDWHGZLWKDVXUILFLDOVKDUSHOHYDWLRQFRQWUDVWLQHDVWHUQ&KLQD)LJ$EXWDOVRVWHHS121 
JUDGLHQWVLQFUXVWDODQGOLWKRVSKHUHWKLFNQHVVDQGKHDWIORZ*XRHWDO7KHIRUPDWLRQRIWKH122 
16*/ PDLQO\ FRQWULEXWHG WR WKH GHVWUXFWLRQ FKDUDFWHUL]HG E\ ZLGHVSUHDG H[WHQVLRQDO EDVLQ123 
JHQHUDWLRQDQGYROXPLQRXVPDJPDLQWUXVLRQHUXSWLRQ=KXHWDORIWKH1RUWK&KLQD&UDWRQ124 
DQG6RXWK&KLQD%ORFN/LHWDO=KXHWDO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VHFWLRQ)LJ$LVJHRPHWULFDOO\DNLQWRWKHEDODQFHGFURVVVHFWLRQVRIUHDFWLYDWHGIROGDQGWKUXVW251 
EHOWVVXFKDVWKHQRUWKHUQ$OSLQHIRUHODQG0DO]HWDODQGWKH&DSH)ROG%HOW3DWRQHWDO252 
7KHUHIRUHLWVHHPVOLNHO\WKDWWKH+DQVKXL)DXOWKDVUHDFWLYDWHGDFRPSUHVVLRQDOXQURRIHG253 
IDXOWUHODWHGIROG+RZHYHUWKHSUHVHQWDQWLFOLQHLQWKHIRRWZDOORIWKH+DQVKXLIDXOWPD\ODUJHO\254 
UHVXOWIURPWKHURWDWLRQRIWKHSUHULIWEDVHPHQWKDQJLQJZDOORIWKH-LQJPHQ)DXOWGXULQJWKHV\Q255 
ULIWVWDJH,QDGGLWLRQVRPHWKUXVWIDXOWVSUHVHUYHGLQWKHSUHULIWEDVHPHQW)LJ$ 256 
&HQWUDO-LDQJKDQ%DVLQ 257 
7KHFHQWUDOEDVLQKDVDYHU\FRPSOH[IDXOWV\VWHPWKDWLVUDGLDOO\VWULNLQJJHQHUDWLQJDVHULHV258 
RILVRODWHGJUDEHQVDQGKDOIJUDEHQVZLWKPXOWLSOHRULHQWDWLRQV)LJ7KH-LQJPHQDQG+DQVKXL259 
IDXOWVH[WHQGHGIURPWKHEDVLQPDUJLQVLQWRWKHFHQWUDOEDVLQ7KHVHLVPLFVHFWLRQDFURVVWKHVRXWKHUQ260 
VHJPHQWRIWKH+DQVKXL)DXOW)LJ%VKRZVDQDV\PPHWULFDOJUDEHQFRQWUROOHGE\1(GLSSLQJ261 
+DQVKXL)DXOWDQGVRXWKZHVWGLSSLQJ=KXJHQWDQ)DXOW)LJ$7KH+DQVKXL)DXOWGLSSLQJDW262 
LVDORZDQJOHQRUPDOIDXOWDQGVHLVPLFGDWDUHYHDOWKDWSUHULIWVWUDWDEHFRPHSURJUHVVLYHO\ROGHU263 
ZLWK SUR[LPLW\ WR WKH IDXOW SODQH 3UHULIW EDVHPHQW UHIOHFWLRQV LQ WKH IRRWZDOO DUH GLIILFXOW WR264 
FRUUHODWHZLWKWKHVWUDWLJUDSK\DQGZHWHQWDWLYHO\LQIHUWKDWVWUDWDDWWKHWRSRIWKHSUHULIWEDVHPHQW265 
DUH WKH 0LGGOH 7ULDVVLF WR -XUDVVLF URFNV EDVHG RQ QHDUE\ VHLVPLFZHOO WLHV ,Q DGGLWLRQ WKH266 
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=KXJHQWDQ)DXOWLVDOVROLNHO\WREHDUHDFWLYDWHGIDXOWJLYHQWKHSUHVHQFHRIROGHUSUHULIWVWUDWDLQ267 
WKHKDQJLQJZDOOFRPSDUHGWRWKHIRRWZDOO 268 
7KH:HQ¶DQVLDQG:DQFKHQJIDXOWV)LJV$&DUHWZRDSSUR[LPDWHO\1(VWULNLQJOLVWULF269 
IDXOWVaDQGNPLQOHQJWKUHVSHFWLYHO\7KH:DQFKHQJ)DXOWGLSSLQJDWDERXWLQWKHXSSHU270 
SDUW FRQWUROOHG D ODUJH GHSRFHQWUH ZLWK D PD[LPXP WKLFNQHVV RI a P )LJ % ZKLOH WKH271 
:HQ¶DQVL)DXOWZLWKDYHUDJHGLSLQWKHXSSHUSDUWLQGLFDWHVDORZFXPXODWLYHGLVSODFHPHQW)LJ272 
&7KHVHFWLRQDFURVVWKH:HQ¶DQVLDQG:DQFKHQJIDXOWV)LJ&VKRZVVLPLODUFKDUDFWHULVWLFV273 
RISUHULIWEDVHPHQWWRWKHVHFWLRQVDFURVVWKH+DQVKXL)DXOW)LJ$%ZLWKSUHULIWVWUDWDQHDU274 
WKHIDXOWSODQHLQWKHKDQJLQJZDOOEHLQJROGHUWKDQWKDWLQWKHIRRWZDOOLQERWKIDXOWV0RUHRYHUWKH275 
EDVHPHQWVWUDWDLQWKHKDQJLQJZDOOEHFRPHSURJUHVVLYHO\ROGHUZLWKLQFUHDVLQJSUR[LPLW\WRWKH276 
IDXOWSODQHVLQGLFDWLQJDUHDFWLYDWLRQRIXQURRIHGIDXOWUHODWHGIROGV 277 
$ ORZDQJOHQRUPDO IDXOW ]RQH LV VKRZQ LQ)LJ $7KH ORZHUSDUW RI WKH IDXOW LV JHQWO\278 
FXUYLQJXSZDUGSUREDEO\GXHWRWKHXSOLIWRIWKHVRXWK-LDQJKDQ%DVLQDWWKHHQGRIV\QULIWVWDJH279 
7KH8SSHU&UHWDFHRXVVWUDWDZHUHURWDWHGWRDGLSRIFDZKLFKPD\UHVXOWIURPWKHKRUL]RQWDO280 
IDXOW SODQH JHRPHWU\ DW GHSWK DQG LQWHQVLYH IDXOWLQJ GXULQJ WKH (DUO\ 3DOHRJHQH %DVHPHQW281 
UHIOHFWLRQVDUHZHOOGHILQHGLQWKHIRRWZDOOZKLOHSRRUO\LPDJHGLQWKHKDQJLQJZDOO7KHGRPLQDQW282 
VRXWKHUO\GLSGLUHFWLRQLVFRQVLVWHQWZLWKWKHDSSUR[LPDWHO\QRUWKGLUHFWHGWKUXVWLQJRIWKH-LDQJQDQ283 
2URJHQ7KH7LDQPHQKH)DXOWKDVDOLVWULFJHRPHWU\DQGGLSVDWLQLWVXSSHUSDUW)LJ%284 
IODWWHQLQJWRFDGLSDWGHSWK7KHIRRWZDOODUHDGLVSOD\VVRPHEDVHPHQWUHIOHFWLRQVZLWKOLPLWHG285 
FRKHUHQF\ZKLOHEDVHPHQWUHIOHFWLRQVLQWKHKDQJLQJZDOODUHKLJKDPSOLWXGHFRQWLQXRXVHYHQWV286 
PDNLQJ WKHP HDVLHU WR PDS )LJ % 7KH ZHOO SHQHWUDWLQJ EDVHPHQW HQFRXQWHUHG WKH WRS RI287 
'HYRQLDQ WR/RZHU7ULDVVLF VWUDWDZKLFKDUH\RXQJHU WKDQ WKH VWUDWDQHDU WKH IDXOWSODQH LQ WKH288
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KDQJLQJZDOOEDVHPHQW7KHVDPHUHODWLRQVKLSLVHYLGHQWZLWKRWKHUPDMRUIDXOWVGHVFULEHGDERYH289 
WKHEDVHPHQWVWUDWD LQWKHKDQJLQJZDOORI WKH7LDQPHQKH)DXOWDOVREHFRPHSURJUHVVLYHO\ROGHU290 
ZKLOHDSSURDFKLQJWKHIDXOWSODQH7KLVLVOLNHO\WREHDFRQVHTXHQFHRIWKHXQURRILQJRIDIDXOW291 
UHODWHGIROGEHIRUHULIWLQJLQLWLDWHG 292 
6RXWK-LDQJKDQ%DVLQ 293 
2YHUDOOWKHVRXWK-LDQJKDQ%DVLQIRUPVDQRUWKZDUGGLSSLQJVORSH$VHULHVRI1(QHDUO\(294 
:DQG1:VWULNLQJIDXOWVGHYHORSHGZLWKLQWKHVORSHGLSSLQJVRXWKHDVWWRVRXWKZHVW7KHVHIDXOWV295 
KDYHJHQHUDWHGDVHULHVRIKDOIJUDEHQV WKDWH[KLELW WKLQQLQJRIV\QULIW VWUDWLJUDSKLFVXFFHVVLRQV296 
WRZDUGVWKHVRXWK)LJ$DQG%7KH'DWRQJKX)DXOWZKLFKLVDOLVWULFIDXOWGLSVDWLQWKH297 
XSSHUSDUW)LJ&7KHVRXWKHDVWGLSSLQJ&KDKHNRX)DXOWDOWKRXJKVKRUWHUWKDQWKH'DWRQJKX298 
)DXOWVKRZVKLJKHUDFWLYLW\GXULQJWKH/DWH&UHWDFHRXV7KHSUHULIWEDVHPHQWVWUDWDLQWKHKDQJLQJ299 
ZDOO DQG IRRWZDOO VKRZ VLPLODU FKDUDFWHULVWLFV ZLWK WKH IDXOWV GHVFULEHG DERYH VXJJHVWLQJ D300 
UHDFWLYDWLRQRIDQXQURRIHGIDXOWUHODWHGIROG 301 
6XPPDU\RI/DWH&UHWDFHRXVULIWLQJFKDUDFWHULVWLFV 302 
7KHFKDUDFWHULVWLFVRIWKH/DWH&UHWDFHRXVULIWLQJLQWKH-LDQJKDQ%DVLQFDQEHVXPPDUL]HGDV303 
IROORZVD0DMRUIDXOWVDUHUDGLDOO\VWULNLQJLQGLFDWLQJDGLVWULEXWHGWUDQVWHQVLRQDOVWUHVVV\VWHP304 
RU PXOWLGLUHFWLRQDO H[WHQVLRQ GXULQJ WKH /DWH &UHWDFHRXV E GHSRFHQWUHV DUH GLVWULEXWHG ZLWK305 
PXOWLSOHRULHQWDWLRQVDQGWKHPD[LPXPVXEVLGHQFHZDVIRFXVHGLQWKHFHQWUDO-LDQJKDQ%DVLQFD306 
FRPPRQIHDWXUHRIWKHPDMRUIDXOWVLVWKDWSUHULIWEDVHPHQWVWUDWDLQWKHKDQJLQJZDOODUHROGHUWKDQ307 
WKDW LQWKHIRRWZDOODQGEHFRPHSURJUHVVLYHO\ROGHUDVSUR[LPLW\ WRWKHIDXOWSODQH LQFUHDVHV,Q308 
VRPHFDVHVSUHULIWEDVHPHQWUHIOHFWLRQVDUHXQFHUWDLQLQWKHIRRWZDOODQGWHQWDWLYHLQIHUHQFHVDUH309 
PDGHEDVHGRQWKHVHLVPLFDQGRUGULOOLQJGDWDFROOHFWHGQHDUE\HJ)LJV%DQG$ZKLFK310 
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VXJJHVWVWKDWWKHVHIDXOWVKDYHUHDFWLYDWHGSUHH[LVWLQJXQURRIHGIDXOWUHODWHGIROGV  311 
 312 
5. Discussion 313 
7KHQDWXUHRIWKH(DUO\&UHWDFHRXVH[WHQVLRQLQWKH-LDQJKDQ%DVLQ 314 
7KH-LDQJKDQ%DVLQLVRQHRIDQXPEHURIH[WHQVLRQDOEDVLQVVLWXDWHGZLWKLQWKH6RXWK&KLQD315 
%ORFNHJ/LHWDOE=KDQJHWDO,WKDVEHHQGHPRQVWUDWHGWKDWWKHFUXVWDOFRQWUDFWLRQ316 
LQWKH6RXWK&KLQD%ORFNZDVWHUPLQDWHGE\LQWHQVHFUXVWDOH[WHQVLRQGXULQJWKH(DUO\&UHWDFHRXV317 
/L/LHWDOE/LHWDOESURSRVHGWKDWULIWLQJEHJDQLQWKH6RXWK&KLQD%ORFN318 
GXULQJ WKH(DUO\&UHWDFHRXVDQG WKHGHSRVLWLRQRI WKH&UHWDFHRXV VWUDWDH[SDQGHGSURJUHVVLYHO\319 
HDVWZDUGZLWKWKHLUGHSRFHQWUHVVKLIWLQJIURPLQODQGLQWKH(DUO\&UHWDFHRXVWRWKHFRDVWDODUHDLQ320 
WKH /DWH &UHWDFHRXV )LJ $ ,Q DGGLWLRQ &UHWDFHRXV PDJPDWLF DFWLYLW\ EHFRPHV \RXQJHU321 
SURJUHVVLYHO\ WRZDUGV WKH VRXWKHDVW KHQFH PLJUDWHV LQ D VLPLODU PDQQHU WR WKH &UHWDFHRXV322 
VHGLPHQWDWLRQIURPLQODQGWRWKHFRDVWDODUHDV/L=KRXDQG/L/LHWDOE7KH323 
HYROXWLRQRIWKH-LDQJKDQ%DVLQ6HFWLRQWKHUHIRUHFDQEHFRQVLGHUHGDVEHLQJUHODWLYHO\324 
LQGHSHQGHQWIURPWKHUHVWRIWKH6RXWK&KLQD%ORFNGXULQJWKH&UHWDFHRXV 325 
,QWKHSUHVHQWGD\WKHOLWKRVSKHUHWRWKHZHVWRI16*/KDVDW\SLFDOWKLFNQHVVRIDSSUR[LPDWHO\326 
NPEXWLVRQO\aNPWRWKHHDVWRI16*/=KRXHWDO=KHQJHWDO/LHWDO327 
7KHVLJQLILFDQWGLIIHUHQFHLQOLWKRVSKHULFWKLFNQHVVUHVXOWHGIURPUDSLGWKLQQLQJGXHWRWKH328 
IODWVODEVXEGXFWLRQDQGUROOEDFNRIWKH3DFLILFSODWHGXULQJWKH0HVR]RLF/LDQG/L=KRXHW329 
DO/LHWDO7KHWKLQQLQJRIWKHSUHYLRXVO\RYHUWKLFNHQHGOLWKRVSKHUHPRUHWKDQ330 
NPPD\KDYHEHHQQHFHVVDU\IRUULIWLQLWLDWLRQHJ5RRQH\HWDODVFRQWLQHQWDOOLWKRVSKHUH331 
WKLFNHUWKDQNPSUREDEO\FDQQRWPDJPDWLFDOO\ULIW%LDODVHWDO9DQ$YHQGRQNHWDO332 
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6LQFHPRVWUHJLRQVRIWKH6RXWK&KLQD%ORFNEHJDQWRULIWGXULQJWKH(DUO\&UHWDFHRXVWKH333 
OLWKRVSKHUHLQWKHVHDUHDVPXVWKDYHEHHQWKLQQHGWROHVVWKDQNPEHIRUHWKH(DUO\&UHWDFHRXV334 
7KLV OLWKRVSKHULF WKLQQLQJZDV ODUJHO\ ZLWK D FRQVHTXHQFHRI WKH PXOWLSOH SKDVHVRI7ULDVVLF WR335 
-XUDVVLFVXEGXFWLRQRIWKH3DFLILFSODWHDQGDVVRFLDWHGPDJPDWLVP)LJ%=KRXHWDO/L336 
HW DO F 7KHVH SKDVHV RI VXEGXFWLRQ UHVXOWHG LQ K\GUDWLRQ ZHDNHQLQJ DQG WKLQQLQJ WKH337 
OLWKRVSKHULFPDQWOHXQGHU WKH6RXWK&KLQD%ORFN$VLPLODU VLWXDWLRQDOVRRFFXUUHG LQ WKH1RUWK338 
&KLQD&UDWRQ:LQGOH\HWDO+RZHYHUGXULQJWKLVSHULRGWKH-LDQJKDQ%DVLQZDVORFDWHG339 
LQ D UHODWLYHO\ VWDEOH IRUHODQG VHWWLQJ ZLWK QR PDJPDWLVP )LJ  VR WKHUH LV QR HYLGHQFH WKDW340 
WKLQQLQJRI WKH OLWKRVSKHUHRFFXUUHG6LQFH WKH/DWH&UHWDFHRXV LQWHQVH ULIWLQJ LQGLFDWHV WKDW WKH341 
WKLFNQHVVRIOLWKRVSKHUHEHQHDWKWKH-LDQJKDQ%DVLQZDVDOUHDG\OHVVWKDQNPDWWKDWWLPHWKH342 
OLWKRVSKHUHPXVWKDYHXQGHUJRQHUDSLGWKLQQLQJGXULQJWKH(DUO\&UHWDFHRXV 343 
7KH+XDURQJJUDQLWRLGVZLWKHPSODFHPHQWDJHVDWFD0DDQGFD0D)LJ:DQJ344 
HWDO6KHQHWDOE-LHWDODSURYLGHHYLGHQFHRIWKH(DUO\&UHWDFHRXVPDJPDWLVP345 
LQWKH-LDQJKDQ%DVLQ$OWKRXJKQRLQWUXGLQJG\NHVKDYHEHHQREVHUYHGRQVHLVPLFVHFWLRQV)LJV346 
DQG ODUJHVFDOH LQWUXVLRQRIPDILFG\NHV LQWR WKH ORZHUFUXVWZDVUHYHDOHG IURPVHLVPLF347 
ZLGHDQJOHUHIOHFWLRQGDWD=KDQJHWDO:HLQIHUWKDWHLWKHUWKHLQWUXGLQJG\NHVZHUHGHHSO\348 
EXULHGDQGGRQRWSHQHWUDWHWKHVXUIDFHRUWKH\DUHWRRVPDOOLQVL]HDQGRUWRRVWHHSLQGLSWRLGHQWLI\349 
RQVHLVPLFVHFWLRQV 350 
'XULQJ OLWKRVSKHULF WKLQQLQJ D VHW RI WKH /RZHU &UHWDFHRXV GHSUHVVLRQ VHTXHQFHV ZHUH351 
GHSRVLWHGLQDUHVWULFWHGORFDWLRQRQWKHEDVLQPDUJLQZKLOHEHLQJDEVHQWLQWKHUHVWRIWKHEDVLQ352 
7KLVJHRPHWU\RIV\QH[WHQVLRQDOEDVLQILOOGRHVQRW ILW WKHW\SLFDO ULIW LQLWLDWLRQPRGHO3URVVHU353 
&RZLH*XSWDHWDO*DZWKRUSHDQG/HHGHU&RZLHHWDO7KHVH354 
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REVHUYDWLRQV FRQIRUP WR WKH DFWLYH ULIWLQJ PRGHO LQ ZKLFK WKHUPDO GRPLQJ LV DVVRFLDWHG ZLWK355 
PDJPDWLVP ZLWKLQ WKH FHQWUDO EDVLQ 6HQJRU DQG %XUNH  &RUWL HW DO  =LHJOHU DQG356 
&ORHWLQJKDQGGHSRVLWLRQDWWKHEDVLQPDUJLQ1RWWYHGWHWDO$YQLHWDOSULRU357 
WRIDXOWFRQWUROOHGULIWLQJLQLWLDWLRQ7KLVVXJJHVWVWKDWWKHUPDOGRPLQJPD\KDYHDIIHFWHGPRVWDUHDV358 
RI WKH -LDQJKDQ %DVLQ GXULQJ WKH OLWKRVSKHULF WKLQQLQJ LQ (DUO\ &UHWDFHRXV WLPHV359 
&RQWHPSRUDQHRXVO\ GHSRVLWV SDVVLYHO\ ILOOHG LQ WKH VSDFH EHWZHHQ WKH GRPH DQG VXUURXQGLQJ360 
WRSRJUDSKLF KLJKV RURJHQV DQG PDVVLI7KHVH GHSUHVVLRQ VHTXHQFHV RQ WKH EDVLQPDUJLQ ZHUH361 
UHIHUUHG WR DV ³3URWRULIW XQLWV´ E\ 1RWWYHGW HW DO  ZKLFK KDYH WDEXODU GHSRVLWLRQDO362 
DUFKLWHFWXUHVDQGDUHPRVWO\FRQIRUPDEO\RYHUODLQE\V\QULIWGHSRVLWV7KHVHFKDUDFWHULVWLFVKDYHD363 
JRRGFRUUHVSRQGHQFHZLWKWKH/RZHU&UHWDFHRXVGHSRVLWVLQWKH-LDQJKDQ%DVLQ)LJ  364 
 365 
+RZGLG/DWH&UHWDFHRXVIDXOWVZLWKUDGLDOVWULNHVGHYHORS" 366 
7KHVWUXFWXUDODQDO\VLVSUHVHQWHGLQVHFWLRQVXJJHVWVWKDWWKH/DWH&UHWDFHRXVPDMRUQRUPDO367 
IDXOWV UHVXOWHG IURP WKH UHDFWLYDWLRQ RI SUHH[LVWLQJ WKUXVWV WKHUHIRUH WKHLU VWULNHV VXJJHVW WKH368 
RULHQWDWLRQV RI SUHH[LVWLQJ VWUXFWXUHV7RJHWKHU ZLWK WKH UHJLRQDO JHRORJLFDO GDWD ZH SUHVHQW D369 
IUDPHZRUNRI WKHSUHH[LVWLQJ VWUXFWXUHV )LJ  WKDW LOOXVWUDWHV WKHGHIRUPDWLRQ DQG VWUXFWXUDO370 
GLYLVLRQRIWKHSUHULIWEDVHPHQWLQ-LDQJKDQDUHD 371 
'XULQJ WKH/DWH-XUDVVLFDV WKH6RXWKHUQ4LQOLQJ'DELH7KUXVW%HOWSURSDJDWHGVRXWKZHVW372 
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V\QFKURQRXVO\XQGHUJRH[WHQVLRQDO UHDFWLYDWLRQGXULQJ/DWH&UHWDFHRXV ULIWLQJ"$SSDUHQWO\ LW LV387 
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EDVLQV VXFK DV %DLNDO ULIW 3KLOLSSRQ HW DO 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0RUOH\ 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 Fig. 1 (A) Simplified map showing the topography and tectonic divisions of southern Eastern Asia. 
(B) Vertical section of P wave velocity perturbations across the western Pacific-eastern China at the 
latitude 30ºN (after Huang and Zhao, 2006), showing the Pacific slab lying horizontally in the 
mantle transition zone (MTZ). Topography map is based on Etopo 1 (Amante and Eakins, 2009). 
Tectonic divisions are modified from Li and Li (2007), Mei et al. (2012), Zhu et al. (2015). NSGL, 
North-South Gravity Lineament (modified from Ma, 1989). 
 
 
 Fig. 2 Geological map of the Jianghan basin and adjacent areas, modified after HBGMR, 1988, 
1989, 1990. See Fig. 1 for location. 
 
 
 
 
 
 
 Fig. 3 Tectonostratigraphic chart for the Jianghan Basin showing the lithostratigraphic 
characteristics, basin evolution and main regional events (modified from HBGMR, 1988, 1989, 
1990; Dong et al., 2011; Wang et al., 2013b; Li et al., 2014b; Yao et al., 2015). SCB, South China 
Block; SQB, South Qinling Belt. 
 
 
 
  
Fig. 4 Map showing the coverage of 2-D and 3-D seismic reflection data and drilling wells 
penetrating the Upper Cretaceous and /or pre-rift basement, along with two structural cross sections 
and main field observation points. Wells marked by blue and red dots are shown in Figs. 6 and 10-
14, respectively. 
 
 
 
 
 
 
 
 
 Fig. 5 lithostratigraphic feature of the Cretaceous in the Jianghan Basin. A, Shimen Formation, gray 
conglomerate transgressed on the Cambrian dolomite above an unconformity; B, Wulong Formation, 
gray sandstone with interbedded brick-red mudstone; C, Luojingtan Formation, gray-red 
conglomerate; D, Honghuatao Formation, brick-red sandstone; E, Paomagang Formation, brown-
red mudstone with interbedded gray-green siltstone and sandstone; F, Jingmen Fault, purple-red 
sandstone of Paomagang Formation in the hangingwall and gray-white limestone of Lower Triassic; 
G, stratigraphic framework and correlation (HBGMR, 1990; Xu et al., 1995; Wang et al., 2014). 
Locations of A-E are shown in Fig. 7. Location of F is shown in Fig. 9.  
  
 
Fig. 6 lithostratigraphic clolumns of two selected wells showing the stratigraphy of the Upper 
Cretaceous in the inner Jianghan Basin, along with gamma ray logs. Stratum symbols: E = 
Paleogene, T2 = Middle Triassic, O = Ordovician, ȯ = Cambrian. Well locations are shown in Fig. 
4. 
 
  
Fig. 7 (A-C) Maps showing the distribution of the Lower Cretaceous in the Jianghan Basin 
(modified from CM, 1970; YM, 1970, 1976). D, cross section showing the filled characteristics of 
the Lower Cretaceous (modified from YM, 1970). 
 
 
 
 
 
 
 
 
 Fig. 8 (A) Structural Map of the Late Cretaceous Jianghan Basin, illustrating the distribution of 
major faults and related units. Data of faults and stratal thickness beyond the seismic and drilling 
well coverage is from (NM, 1965; YM, 1965; CM, 1970; YM, 1970, 1976; HBGMR, 1990). The 
faults initiated during the Late Cretaceous are marked by solid lines while faults initiated during the 
Paleogene are marked by dashed lines. (B) Vertical thickness map of the Upper Cretaceous. Residual 
thickness is used to approximately reflect the original thickness as the denudation is limited on the 
whole. (C) Rose diagrams showing the strikes of the Late Cretaceous faults. The strike data are 
length-weighted. Fault names: WF = Wancheng Fault, ZFZ = Zibei Fault Zone, PF = Pujiguan Fault, 
QF = Qianbei Fault, ZF = Zhugentan Fault, TF = Tonghaikou Fault, NF = Nanmiao Fault, HF = 
Honghu Fault, DF = Datonghu Fault, CF = Chahekou Fault. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 9 Structural cross sections of the north Jianghan Basin. Section A-$¶, modified after Shi et al. 
(2013); Section B-B¶, modified from ZM (1976). Stratum symbols: N+Q = Neogene-Quaternary, E 
= Paleogene, K2 = Lower Cretaceous, T2-J = Middle Triassic to Jurassic, D-T1 = Devonian-Lower 
7ULDVVLF6 6LOXULDQȯ-O = Cambrian-Ordovician, Z = Sinian, Pt = Proterozoic. Stratum symbols 
are consistent and referred to throughout the text. Neogene-Quaternary in the Hanshui graben are 
ignored for their limited thicknesses. See Figs. 4 and 8A for location. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 10 Uninterpreted and interpreted seismic sections across the Hanshui Fault in the north Jianghan 
Basin. Stratum symbols are as in Fig. 9. Zhong7 well located nearby the profile is indicated by 
vertical dashed line. See Figs. 4 and 8A for location. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Fig. 11 Uninterpreted and interpreted seismic sections across the southern segment of Hanshui Fault 
in the central Jianghan Basin. Stratum symbols are as in Fig. 10. See Figs. 4 and 8A for location. 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Fig. 12 Uninterpreted and interpreted seismic sections DFURVVWKH:HQ¶DQVLDQG:DQFKHQJ)DXOWVLQ
the central Jianghan Basin. Stratum symbols are as in Fig. 9. See Figs. 4 and 8A for location. 
 
 
 
 
 
 
 
 
Fig. 13 Uninterpreted and interpreted seismic sections across the Zibei Fault Zone (A, B) and 
Tianmenhe Fault (C, D). The faults initiated during the Paleogene are marked by pink in Fig. 11B. 
Stratum symbols are as in Fig. 9. Bancan1 well located nearby Line 5 is indicated by vertical dashed 
line. See Figs. 4 and 8A for location.  
 
  
Fig. 14 Uninterpreted and interpreted seismic sections across the Datonghu Fault in the south 
Jianghan Basin. CF = Chahekou Fault. Stratum symbols are as in Fig. 9. Hong7 well located nearby 
the profile is indicated by vertical dashed line. See Figs. 4 and 8A for location. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 15 Simplified geological map of the South China Block showing the distributions of Cretaceous 
structures and magmatic rocks (modified after Li et al., 2014b), along with the distributions of the 
Triassic to Jurassic magmatic rocks (modified after Zhou et al., 2006; Li et al., 2012c). See Fig. 1 
for location. 
 
 
 
 
 Fig. 16 Map showing the deformation characteristics of pre-rift basement during the Late Jurassic. 
The location and orientation of thrust faults were inferred from the major rift-related faults shown 
in Fig. 8. Data in the outcrop area is from HBGMR (1988, 1990) and relevant stratigraphic 
information is shown in Fig. 2. Thrust directions are shown schematically, which are inferred based 
on the fold traces and discussion in published literatures (Shi et al., 2013; Liu et al., 2015). The 
thrust directions of the Southern Qinling-Dabie Thrust Belt and Northern Jiangnan Thrust Belt are 
marked by blue and violet arrows, respectively. The obstruction of the Huangling massif is shown 
with pale blue columns. 
 
 
 Fig. 17 Cartoon diagrams illustrating the initial rifting processes and geodynamics of the Jianghan 
Basin. The lithospheric thinning processes are modified on the basis of flat-slab subduction model 
of the South China Block (Li and Li, 2007) and thinning/destruction model of the eastern North 
China Block (Li et al., 2012a; Zhu et al., 2015). Basalt eruptions are shown schematically based on 
the drilling data shown in Fig. 4. The indigo line shows the location of cross section in the front.  
 
